Introduction
Purple loosestrife (Lythrum salicaria L., Lythraceae) is a widely distributed plant in E urope, N o rth A m erica and A sia. It is an agressive invader th a t grow s typically in fens, riversides and oth er dam p places. Lythrum salicaria has been the sub ject of several phytochem ical studies during the 1960s and 1970s. It contains anthocyanosides (Paris and Paris, 1964) , flavonoid C-glycosides and phenolic acids (Paris, 1967; T orrent M arti, 1975) as well as a num ber of n eutral constituents (Fujita et al., 1972) . Tannins are present in significant am ounts, 6 % dry w eight in stalks to 24% in leaves (M ihajlovic, 1988) , and four new tannins have b een rep o rte d recently (M a et al., 1996) . A lthough m any species of L ythraceae are rich in alkaloids (Ferris et al., 1966; F ujita et al., 1967) , it has been re p o rte d th at L ythrum salicaria does not contain any rem arkable am ounts of them (Steinfeld, 1969; F ujita et al., 1972) . C hem ical constituents rep o rted from L. salicaria with appropriate references are given in Table I. P u rple loosestrife is traditionally used as a drug, as an antidiarrheic in the form of a decoction o r a fluid extract. The flow ering top m ay be used in the treatm e n t of subjective sym ptom s of venous insufficiency, and the sym ptom s of h aem orrhoids (B runeton, 1995) . F urth erm o re, extracts of purple loosestrife have been rep o rted to possess hypogly cem ic and m olluscicidal activity (C adavid Torres and Calleja Suarez, 1980; Schaufelberger and Hostettm an n , 1983) . In a large bioactivity screening project of Finnish plant m aterial, a m ethanolic ex tract of L. salicaria was proved to have both antifungal and calcium antagonistic activity in vitro (R au h a et al., 1999; R au h a et al., 2000) .
In ord er to d eterm ine the background for re sults o btained previously, b o th fu rther biological activity tests and phytochem ical data of the ex tract are needed. F ractionation is necessary to concentrate m inor com pounds and re n d er their on-line identification unam biguous. In this study, th e phytochem ical inform ation of Lythrum salica ria published in literatu re was collated. The p h e nolic com position of the crude extract of this plant was characterised using FIPLC/DAD-UV , L C /A PC I-M S and LC /ESI-M S techniques.
Materials and M ethods
Plant material L ythrum salicaria L. was collected during the flow ering season (July 1998) in H elsinki, and iden tified by Pia Fyhrqvist (M .Sc.(B ot.)). The plants were air dried at room tem p eratu re for tw o weeks, and m illed using a grinder.
Extraction 270 g of pow dered plant m aterial w ere loaded into a Biichi 17980 colum n (460 mm x 49 m m i.d., Biichi L aboratorium s-T echnik AG, Flawil, Swit zerland) and extracted with 80% aqueous m eth a nol (technical quality, Algol, E spoo, Finland) using a m edium pressure solid/liquid extraction (M PSLE) technique according to M ousa (1995). The solvent was pum ped thro u g h the colum n at a flow rate of 5 m l/m in for 30 m in and th e re a fter stopped for 2 h (W aters M -6000A C h ro m ato g ra phy pum p, W aters Inc., M ilford, M A , U SA ). This procedure was autom atised and re p e a te d 15 times. The extract was co n cen trated u n d er vacuum and yielded 67 g of m aterial.
Reversed phase chrom atography fractionation
The crude extract was fractio n ated using a Biichi 17982 M PL C colum n (460 m m x 26 mm i.d.) packed with 145 g of L iC hrospher RP-18 statio n ary phase (particle size 1 5 -2 5 ^im, E. M erck, D arm stadt, G erm any). The m obile phase con sisted of M eO H and M eCN (H P L C quality, R athburn, W alkerburn, U K ) in the ratio 15:4 v/v (B), w ater (Milli Q purified) (A ). A and B co ntained both 1% of form ic acid (pro analysis, R iedel-de-H aen, Seelze, G erm any). 3 g o f the crude extract (in 10 ml of 10% B) were sep arated using a step gradient (flow rate 2.0 ml/m in): 0 -2 0 m in 10% B, 2 0 -6 0 min 20% B, 6 0 -9 0 min 35% B, 9 0 -1 4 0 min 60% B, and 1 4 0-380 min 90% B (K ontron T-414 LC pum p, Tegim enta AG, R o tk reu z, Sw itzerland). This gradient was designed using the DryLab® m ethod optim isation program m e (LC R esources, W alnut C reek, CA , U SA ). The RP-18 sep aration yielded 5 fractions: R1 1 2 0 -1 7 4 min (656 mg), R2 174-201 min (165 mg), R3 2 0 1 -2 2 8 m in (83 mg), R4 2 2 8 -2 6 4 min (69 mg), and R5 2 6 4 -3 2 7 min ( 1 0 mg).
Gel chrom atography fractionation
The crude extract was also fractio n ated with an open colum n system. 600 ml o f S ephadex LH-20 (Pharm acia LKB B iotechnology AB, U ppsala, Sw eden) in m ethanol was packed into an open chrom atography colum n (70 cm x 3.5 cm i.d.). 1 g of crude extract solubilised in 80% M eO H was ap plied onto the stationary phase. 80% M eO H was eluted at a flow rate of 1 m l/min (for the first 800 ml, and th e re after 100% M eO H ) and yielded 9 fractions: SI 180-336 ml (11 mg), S2 337-462 ml (203 mg), S3 4 6 3 -5 7 0 ml (178 mg), S4 571-672 ml (83 mg), S5 6 7 3 -9 2 4 ml (56 mg), S6 925-1026 ml (24 mg), S7 1027-1176 ml (21 mg), S8 1177-1380 ml (32 mg), and S9 1381-1678 ml (24 mg).
H P L C /D A D -U V analysis (M ethod A )
The H P L C /D A D -U V analysis was carried out using a H ew lett-P ackard Series 1100 Pump, C ol um n th erm ostat (+25 °C) and A utosam pler (H ew lett P ackard G m bH , W aldbronn, G erm any), and Series 1100 degasser and diode array detector (H ew lett Packard, Japan). Spectra w ere recorded betw een 190-500 nm, and each chrom atogram was detected at 3 different w avelengths 210 nm, 254 nm and 366 nm.
The crude extract and different fractions w ere analysed on a Sym m etry RP-18 H P L C colum n (4 ^im, 250 mm x 4.6 mm i.d., W aters A ssociates, M il ford, M A , U SA ) with a G uard-P ak C l 8 (W aters) pre-colum n. The gradient consisting of M eO H (S uper purity solvent, Rom il Ltd, Cam bridge, U K , 0.05% TFA added) in 0.05% aqueous trifluoroacetic acid (TFA, U vasol, for spectroscopy, M erck, D arm stadt, G erm any) was 0 -1 5 min 4% isocratic, 1 5 -2 0 min 4 -1 0 % linear gradient, 2 0 -2 5 min 10% isocratic, 2 5 -5 0 min 1 0 -4 0 % linear gradient, 5 0 -8 5 min 4 0 -1 0 0 % linear gradient, and 8 5 -95 m in 100% isocratic at a flow rate 1 ml/min.
H P L C /U V /A P C I-M S n analysis o f flavonoids (M ethod B)
The identities of the flavonoid-C-glycosides w ere determ ined using a m odified H PL C /U V / A P C I-M S n m ethod, originally described by R ath et al. (1995) . The H PL C consisted of H ew lett-P ackard Series 1100 pump, autosam pler, degasser, colum n th erm ostat (+25 °C) and diode array d e tector. MS data was collected on a Finnigan M AT L C Q ion trap mass spectrom eter (San Jose, CA, U SA ). Positive ions were introduced by atm o spheric pressure chem ical ionisation (A P C I) in te r face (corona discharge needle 5 ^A , vaporizer te m p eratu re 450 °C, sheath gas (N 2) flow rate 0.55 M Pa, capillary tem p eratu re 200 °C). O n the ion trap the sequence of three scan events was as fol lows: a) full scan m /z 7 5 -8 0 0 (M S1), b) selective isolation and fragm entation of the p ro to n ated m olecules at m /z 433 and 449 (M S2), c) selective isolation and fragm entation of the [M +H-120]+ fragm ents at m /z 313 and 329 issued from the M S2 step (M S3). For these MSn steps the energy was set at 50% and the isolation width at 4 Da.
H P L C separatio n s w ere carried out on a Sym m etry RP-18 H P L C colum n (4 ^im, 250 mm x 4.6 mm i.d., W aters A ssociates, M ilford, M A , U SA ) w ith a G u ard-P ak C18 (W aters) pre-col um n. A n isocratic separation was perform ed with an M eC N -w ater (0.05% TFA ) 14:86 v/v m ixture during 40 m in, and finally w ashed with 100% M eC N (S uper purity solvent, Rom il Ltd). The LC / U V traces w ere recorded on-line with detection at 366 nm.
H P L C /U V /E S I-M S analysis o f tannins and phenolic acids (M ethod C)
The H P L C /U V system consisted of two Perkin-E lm er Series 200 m icro pum ps (Perkin-E lm er, N orw alk, CT, U SA ), Series 200 autosam pler (Perkin-E lm er, N orw alk, CT, U SA ) and a 785A U V / Vis d ete c to r (Perkin-E lm er, N orw alk, CT, U SA ). D etection was p erform ed at 260 nm. MS data was collected on line using a PE Sciex A PI 365 triple q u adrupo le m ass sp ectrom eter (Sciex, Toronto, C anada) eq u ip p ed with Turbo ion spray interface. N egative ions w ere introduced via this p n eu m ati cally assisted electrospray ionisation (E SI) in te r face (needle voltage -4 0 0 0 V, heated nitrogen gas tem p e ratu re 300 °C, orifice plate voltage -3 5 V, ring voltage -2 2 0 V, nebulizer gas at position 9, curtain gas at position 1 2 ) and analysed in a mass range of m /z 1 0 0 -2 0 0 0 .
H P L C separatio n s w ere carried out on a Sup e rsp h er 100 RP-18 colum n (75 mm x 4 mm i.d., 4 ^im, M erck, G erm any) as described by Salm inen et al. (1999) . G rad ien t of M eC N (Lab-Scan, D ublin, Ireland) in 0.4% aqueous form ic acid (FF C hem i cals, Yli-Ii, F inland) was 0 -3 min, 0% isocratic; 3 -30 min, 0 -3 0 % (linear gradient); 3 0 -3 5 min, 3 0 -40% (linear gradient) at a flow rate 1 ml/min.
Results and Discussion

H P L C /D A D -U V (M ethod A )
The H P L C profile of the crude aqueous m ethanolic extract of L ythrum salicaria was extrem ely com plex, and good resolution of all constituents could not be o btained within a single H PL C run (Fig. 1) . In ord er to characterise and localise p re cisely in the H P L C chrom atogram the different constituents of this plant, two different types of fractionations of the crude extract w ere p e r form ed, one with a C18 M PLC colum n yielding five fractions ( R l -5 ) and an o th er with an open dextran gel colum n yielding nine fractions ( S I -9 ). All these enriched fractions w ere studied by LC/ U V and LC/M S for the establishm ent of the m eta bolic profile of L. salicaria. The gradient A (see M aterials and M ethods) was optim ised using the crude extract of L. salicaria, in o rd er to separate as m any peaks as possible, and to be able to collect U V spectral data for the com pounds in all frac tions.
The U V spectra of four peaks appearing at re tention tim e 52.8-56.5 min in S5, S6 and R3 (peaks p, q, s, t in Fig. 1 ), w ere very sim ilar to those of flavone C-glycosides (R ath et al., 1995) . M ost of the peaks of S7 to S9 and R l, having short reten tio n tim es (a -1 in Fig. 1 ), produced spectra th at fitted with those of ellagitannins described by Salm inen et al. (1999) . The peak at 59.3 min (u) had the sam e U V p a tte rn as ellagic acid (m ax 254 and 368 nm , min 328 nm ), and was present at a high concentration in S7 and S8 . O th e r phenolic acids w ere n ot recognizable based on U V -data only.
Identification o f flavone-C -glucosides (M ethod B)
The flavone-C -glucosides com position of the crude extract of L. salicaria was investigated by L C /A PC I-M S experim ent (positive ion m ode) using a b ro ad M eC N -w ater gradient (M ethod B) . Peaks producing ions m /z 449 and 433, and thus being in accordance with the values expected for orientin and vitexin, as well as their isomers, w ere detected.
In o rd e r to determ ine the n atu re of the isom ers detected, m ultiple stage M Sn experim ents were perform ed on line. The p ro to n a te d m olecules of interest w ere isolated in the ion tra p mass a n a lyser, selectively excited, and th eir fragm ents a n a lysed (M S2). This step was re p e a te d on fragm ents, generating M S3 spectra. It has been show n th at und er these conditions, a clear difference could be m ade betw een isom eric pairs of C-glycosyl flavones (R ath et al., 1995) .
The enriched fraction R3 was analysed by LC/ A PC I/M S3 und er isocratic conditions. O n the sin gle ion traces, two peaks (p, q) w ith p ro to n a te the MS3 spectrum of q co rresp o n d ed to its isom er substituted in position 8 (Fig. 2) . Thus p eaks p and q were identified as isoorientin and orientin, respectively. The flavonoids s and t w ere identified as vitexin and isovitexin in a sim ilar way. These flavone-C-glucosides were already d etected in L. salicaria (Paris, 1967; M ihajlovic, 1988) .
Identification o f tannins and phenolic acids (M ethod C)
In o rder to assess the com position of tannins and phenolic acids, LC/ESI-M S in the negative ion m ode was used (M ethod C). M olecular w eight as signm ent was based on the strong [M -H ]-ion ob tained, as well as on the presence of respective Fig. 1 ), m ethyl gallate (11.9 min; h), chlorogenic acid (14.2 min; m), and isochlorogenic acid (15.7 min; o), allow ed their specific lo calisation (Table I) (1996) ; how ever, our results indicated also the presence of its isomer, vescalagin (e) (Fig. 3) . T heir elution o rder was rep o rted by Lei et al. (1999) . Puech et al. (1999) rep o rted also ethoxylation of vescalagin and castalagin w hen stored in aqueous eth an o l solution, leading to ketal and hem iketal structures. O ur sam ples w ere diluted in m ethanolic solution, and methoxylated castalagin and vescalagin derivatives w ere detected at m /z 963 (13.2 and 14.2 min). The presence of tw o peaks also supported our hy p o th esis of the existence of b oth castalagin and vesca lagin in L. salicaria. W hen using the m ethod A , the reten tio n tim es of vescalagin and castalagin w ere 15.6 min and 22.1 min, respectively (Fig. 1) , and their U V spectra w ere identical and concordant with a spectrum of ellagitannins w ithout any free galloyl group. , 1997) . The peak of 1 ,6 -di-O -galloylglucose (n) and the two peaks of pedunculagin, i.e. bis-H H D P-glucopyranose (f], f2), were identified by com paring the cu r rent data w ith UV-and MS spectra and reten tio n tim es of hydrolysable tannins recently isolated from birch (Betula pubescens E hrh., B etulaceae) leaves and structurally d eterm in ed as 1 ,6 -digalloylglucose and pedunculagin using 1 H -and 1 3 C -N M R data (Salm inen, unpublished results). The two peaks of pedunculagin resulted from the presence of a -and ß-glucose isomers.
For the rest of th e com pounds, only p artial structure assignm ent was perform ed based on LC / MS data. Inform ation on the n ature of sugars and linkage positions of galloyl or hexahydroxydiphenoyl (H H D P ) could n o t be ascertained. A d eep er structure investigation w ould require th e isolation of all com pounds of interest.
The phytochem ical d ata obtained from th e ae rial p a rt of Lythrum salicaria w ere collated from the literature and for the m ost p art confirm ed in this study. The com bined results of this series of analyses are presented in Table I . A ll the id en tified com pounds have been indicated in the H P L C /D A D -U V chrom atogram from the analysis of the crude extract using the com bined ch ro m ato graphic and spectral data (Fig. 1) . N o evidence of lythrines was detected in our Finnish plant m a te r ial, but ellagitannins, vescalagin and pedunculagin, are rep o rted from this plant for the first time.
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